Introduction {#s0}
============

Probing depth measurement has an important diagnostic role in the assessment of presence, severity and progression of periodontal disease and its treatment. Therefore, accuracy in probing depth measurement is very important.^[@R01]^Periodontal probes are the most widely accepted instruments for evaluating the gingival status and periodontal health of dental patients, enabling the clinician to determine probing depth.^[@R01]^Several factors influence the reproducibility of probing depth measurements, which can potentially result in error. Inflammatory state of the gingiva, force, angulation, position and the diameter of probe tip, marking accuracy and examiner reliability all reportedly influence the outcome of probing^[@R01]\ ,\ [@R02]^. Measurements may demonstrate significant variations between different clinicians and may also differ for the same clinician from one examination to another. It is important that high levels of reproducibility be achieved in clinical measurements.^[@R01]\ ,\ [@R02]^During the last decade various pressure-sensitive automated probes have been developed to improve reproducibility. Some authors have reported an improved reproducibility of probing measurements^[@R03]\ ,\ [@R04]^, whereas others have found no improvement in comparison with conventional probes.^[@R05]\ ,\ [@R06]\ ,\ [@R07]\ ,\ [@R08]^ By the way, the most commonly used periodontal probes are still manual instruments with markings arranged in a variety of gradations. The main purpose of the present study was to evaluate intra- and inter-examiner reproducibility of probing depth measurements for a conventional manual probe (Williams).

Materials and Methods {#s1}
=====================

Subjects {#s1a}
--------

A total of 32 dental students in Tabriz Faculty of Dentistry volunteered to take part in the present study. The students, 17 females and 15 males, were 18-30 years old.

Each subject had at least 5 teeth, except the third molar, in the upper right quadrant. The teeth were well-aligned without evidence of severe malocclusion.

Probe {#s1b}
-----

In this study, the periodontal probe used was a manual conventional probe (Williams style) with an 0.5-mm ball tip and markings at 1, 2, 3, 5, 8, 9 and 10 mm. All the measurements were rounded off to 0.5 mm.

Recordings {#s1c}
----------

Each patient was examined by two examiners (two periodontists) in two sessions with an interval of 7-10 days. In each session, volunteers were examined by both examiners (examiners A and B). Therefore, 4 recordings were registered for each subject. To eliminate the possible bias, the order of examinations performed by 2 examiners was changed in a systematic manner: 15 patients (A-B-B-A) and 17 patients (B-A-A-B).

Each tooth of the upper right quadrants, except the third molars, was examined. Probing depths were measured in 6 surfaces of each tooth (mesiofacial, midfacial, distofacial, mesiolingual, midlingual and distolingual). Probing depth measurements over 3 mm were excluded. A total of 218 teeth and 1295 surfaces were examined.

Data analysis {#s1d}
-------------

The paired-samples t-test was used to assess the mean differences between pairs of measurements for intra- and inter-examiner. P-values of \<0.05 were defined as statistically significant.

Level of agreement between measurement pairs was calculated within defined limits of variations (in increments of ± 0.5 mm).

Results {#s2}
=======

The correlation coefficients between duplicate measurements for examiner A or B (intra-examiner) were r = 0.730 and r = 0.814, respectively. The corresponding value between measurements examined by A and B (inter-examiner) was r = 0.627. Although correlations between measurements were high, intra-examiner duplicate measurements showed higher correlation than inter-examiner ones.

Levels of agreement between duplicate measurements for intra-examiner A and intra-examiner B and also for inter-examiner A-B are presented in [Table 1](#T1){ref-type="table"}. Agreement of intra-examiner probing depth measurements at variations of ± 0.0, ± 0.5 and ± 1.0 millimeters were 56.8, 89.0 and 99.6 percent, respectively. Agreement of inter-examiner measurements within these variations was 48.8, 84.2 and 98.5 percent.

Intra-examiner duplicate measurements for examiner A and examiner B showed no significant differences (p=0.751 and p= 0.783, respectively), whereas differences between measurements made by examiner A and examiner B (inter-examiner differences) were statistically significant (p=0.000). Intra-examiner reproducibility was more than the inter-examiner one.

The same trend was consistently noted for two tooth types (anteriors vs. posteriors) and also for 6 specified tooth surfaces. [Table 2](#T2){ref-type="table"} compares the agreement between anterior and posterior teeth, while [Table 3](#T3){ref-type="table"} shows a comparison between 6 specified tooth surfaces.

Agreement for duplicate probing depth measurements of anterior teeth was significantly higher than posterior teeth (p\<0.05). Variability in proximal surfaces (especially distal surfaces) was significantly more than mid-facial or mid-lingual surfaces (p\<0.05). The difference between the agreement of mesial and distal surfaces was not significant (p\<0.422). Facial surfaces showed significantly more agreement than lingual surfaces (p\<0.05).

Finally, measurement differences between the first and second examinations in each session were not significant (p=0.939).

Discussion {#s3}
==========

The present study demonstrated that intra-examiner reproducibility was more than the inter-examiner one. This result confirms earlier findings.^[@R09]\ ,\ [@R10]^ The possible reason may be the definite differences between several examiners, which include variations in the method of probing, force and so forth.^[@R11]\ ,\ [@R12]^ However, agreement of duplicate measurements by means of the manual probe was found to be high within a range of 1 mm (above 98%). This is an acceptable tolerance limit for examiner agreement. ^[@R08]^This situation is important to consider. It suggests that in a clinical setting, a 1-mm level of disagreement between examiners, over time, may be acceptable for decision making. However, in the research setting, especially longitudinal studies where changes of 0.10 mm can demonstrate statistically significant values, a single examiner with more reliable instruments is recommended to minimize probing errors.^[@R07]\ ,\ [@R08]^

The correlation coefficients and agreements for intra- and inter-examiner duplicate measurements in this study were similar to most previous studies.^[@R06]\ ,\ [@R13]\ -\ [@R16]^ However, the results were slightly higher than some of them. Two reasons could be mentioned: 1.highly-educated and well-trained examiners; 2.subjects with relatively healthy periodontium (shallow probing depths result in better reproducibility ^[@R06]^).

In the present study, anterior sites had better reproducibility than posterior sites. This finding coincides with earlier reports.^[@R05]\ ,\ [@R06]\ ,\ [@R15]\ ,\ [@R17]^ Similarly, facial surfaces showed a slightly higher reproducibility than lingual surfaces and variability in proximal surfaces (especially distal surfaces) was more than mid-facial or mid-lingual surfaces. These findings are consistent with previous studies.^[@R06]\ ,\ [@R17]^

The greater reproducibility at anterior, facial and mid-facial/mid-lingual sites was not unexpected, on the grounds of accessibility and ease of probe alignment. Another reason is "searching phenomenon", described by Freed.^[@R12]^ Regarding this issue, most examiners believe posterior and proximal sites have deeper probing depths. Therefore, they unconsciously probe these surfaces with more force. This may result in more variability and error.

There is concern that repeated probings of the same site would induce changes in the sulcus, influencing the measurements. One study showed that probing produces an instant but transient shock in gingival tissues. If a site is immediately re-probed, the second measurement could be influenced by the first. However, when a period of 5 minutes passes before the site is re-probed, the second measurement is not influenced by the first.^[@R18]^ None of the sites in our study were immediately re-probed. Consequently, no significant differences were observed between the first and second examinations in each session.

Finally, one advantage of the present study was the large study group. However, selecting subjects with normal periodontium may limit the use of these findings in periodontal patients with more probing depths.

###### Agreement of duplicate probing depth measurements for intra-examiner A, intra-examiner B and inter-examiner A-B (%)

  ---------------- ------- ------- -------
  Variation (mm)   A       B       A-B
  0.0±             55.6    57.9    48.8
  0.5±             85.6    92.5    84.2
  1.0±             99.3    99.9    98.5
  1.5±             99.7    100.0   99.8
  2.0±             100.0   100.0   100.0
  ---------------- ------- ------- -------

###### Agreement of duplicate probing depth measurements for intra-examiner A, intra-examiner B and inter-examiner A-B in anterior and posterior teeth (%)

  ---------------- ---------- ----------- -------
  Variation (mm)   Anterior               
                   A          B           A-B
  ±0.0             59.3       60.9        47.8
  ±0.5             89.7       94.9        86.2
  ± 1.0            100.0      100.0       99.4
  ±1.5             100.0      100.0       100.0
  ±2.0             100.0      100.0       100.0
                              Posterior   
                   A          B           A-B
  ±0.0             52.7       55.6        48.9
  ±1.0             98.8       99.9        97.9
  ±1.5             99.5       100.0       99.7
  ±2.0             100.0      100.0       100.0
  ---------------- ---------- ----------- -------

###### Agreement of duplicate probing depth measurements for intra-examiner A, intra-examiner B and inter-examiner A-B at 6 specified tooth surfaces (mesiofacial, midfacial, distofacial, mesiolingual, midlingual, distolingual) (%)

  ---------------- ------------- -------------- -------
  Variation (mm)   Mesiofacial                  
                   A             B              A-B
  ±0.0             52.1          46.3           43.2
  ±0.5             83.4          92.7           87.1
  ±1.0             99.5          100.0          99.1
  ±1.5             100.0         100.0          99.8
  ±2.0             100.0         100.0          100.0
                                 Mid-facial     
  ±0.0             69.6          75.1           65.9
  ±0.5             93.5          97.7           94.7
  ±1.0             97.7          100.0          98.6
  ±1.5             98.6          100.0          99.5
  ±2.0             100.0         100.0          100.0
                                 Distofacial    
  ±0.0             45.4          52.3           40.2
  ±0.5             83.8          93.1           76.1
  ±1.0             99.5          100.0          97.9
  ±1.5             100.0         100.0          100.0
  ±2.0             100.0         100.0          100.0
                                 Mesiolingual   
  ±0.0             46.1          55.0           41.2
  ±0.5             81.1          89.4           80.4
  ±1.0             100.0         100.0          98.4
  ±1.5             100.0         100.0          100.0
  ±2.0             100.0         100.0          100.0
                                 Mid-lingual    
  ±0.0             65.3          69.6           58.5
  ±0.5             93.0          98.2           90.0
  ±1.0             99.5          100.0          99.3
  ±1.5             100.0         100.0          100.0
  ±2.0             100.0         100.0          100.0
                                 Distolingual   
  ±0.0             55.2          49.1           41.4
  ±0.5             78.8          84.1           76.7
  ±1.0             99.5          99.5           97.9
  ±1.5             100.0         100.0          99.5
  ±2.0             100.0         100.0          100.0
  ---------------- ------------- -------------- -------

###### Agreement of duplicate probing depth measurements for intra-examiner A, intra-examiner B and inter-examiner A-B for facial and lingual surfaces (%)

  ---------------- -------- --------- -------
  Variation (mm)   Facial             
                   A        B         A-B
  ±0.0             55.7     57.9      49.8
  ±0.5             86.9     94.5      85.9
  ±1.0             98.8     100.0     98.5
  ±1.5             99.5     100.0     99.8
  ±2.0             100.0    100.0     100.0
                            Lingual   
  ±0.0             55.5     57.9      47.0
  ±0.5             84.3     90.6      82.4
  ±1.0             99.7     99.8      98.5
  ±1.5             100.0    100.0     99.8
  ±2.0             100.0    100.0     100.0
  ---------------- -------- --------- -------

###### Agreement of duplicate probing depth measurements for intra-examiner A, intra-examiner B and inter-examiner A-B for mesial, mid and distal surfaces (%)

  ----------- -------- -------- -------
  Variation   Mesial            
  \(mm\)      A        B        A-B
  ±0.0        49.1     50.7     42.2
  ±0.5        82.3     91.0     83.8
  ±1.0        99.8     100.0    98.8
  ±1.5        100.0    100.0    99.9
  ±2.0        100.0    100.0    100.0
                       Mid      
  ±0.0        67.5     72.6     62.2
  ±0.5        93.3     97.9     92.6
  ±1.0        98.6     100.0    99.0
  ±1.5        99.3     100.0    99.8
  ±2.0        100.0    100.0    100.0
                       Distal   
  ±0.0        50.3     50.7     40.8
  ±0.5        81.3     88.6     76.3
  ±1.0        99.5     99.8     97.9
  ±1.5        100.0    100.0    99.7
  ±2.0        100.0    100.0    100.0
  ----------- -------- -------- -------
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